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1.0 Introduction 

I 

Operable Unrt (OU) &Walnut Creek Pnonty Dramage of the Rocky Flats Plant (RFP) 
mcludes 10 surface-water Impoundments, the A- and B-senes ponds, constructed on the 
north and south forks of Walnut Creek (Figure 1) The ponds receive run-off fiom the 
mdustnaked area of RFP and are designated as Indiwdual Hazardous Substance Sites 
@ISSs) h m g  the Phase I RCRA Fad ty  Investigahoflemedial Investigation 
0 of OU6, polychlonnated biphenyls (PCBs) were detected in sedment samples 
fiom ponds m both scftes PCBs are common enwonmental co&mmants released 
fiom electncal generators and transformers, where they are used for electncal 
insulation PCBs are known to be toxlc to both human health and the environment 

The purpose of ths document is to prowde a prelimnary evaluation of the potential 
ecotoxlcologcal nsks of the PCB-contammated sediments in the Walnut Creek drainage 
and to identifjr additional samphg that may be needed to charactenze those nsks 
adequately fisk charactemuon must be adequate to support remediation decisions 
made in the feasibhty study phase of the Resource Conservation and Recovery Act 
(RCRA) and the Comprehensive Enwronmental Response, Compensation and Liability 
Act (CERCLA) investigation 

Thrs document is an addendum to the OU6 Enwonmental Evaluation @E) Sampling 
and Analysis Plan (DOE 1992a) and is associated wth tasks 7, 8, and 9 of the OU6 EE 
Work Plan (DOE 1992b) The need for fbrther ecotoxlcologcal sampling is evaluated 
under Task 7 using avadable data on the nature and extent of contammation at OU6 If 
needed, hrther sampling wll be planned under Task 8 and implemented under Task 9 
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2.0 Toxicity Assessment-PCBs 

The general term PCBs mcludes numerous homologs and congeners that vary in the 
number and arrangement of  chlonne molecules attached to the biphenyl nngs The 
larger, most h a y  chlonnated forms are the most hydrophobic and most resistant to 
biodegradation and, therefore, tend to bioaccumulate Distnbution among tissues and 
the tendency to bioaccumulate are hghly dependent on the configuration of chlonne 
molecules on phenyl nng structures (Borlakoglu et al 1991) Bioaccumulation is most 
hkely for contammation 111 aquabc habitats, because aquatic orgmsms tend to 
accumulate hydrophobic contarmnants to a greater extent 

PCBs can have acute lethal effects in hgh concentrations (600 to 1,500 mg/kg), but 
chromc sublethal effects are more lmportant ecologically Lower concentrations tend to 
be more wdely distnbuted, affecting a larger number of indiwduals and species (Eisler 
1986) The effects of the PCB Aroclor 1254 have been the most wdely studied 
Chromc exposure of mammals to concentrations as low as 0 64 mgkg ~fl the diet have 
been shown to affect reproduction The mnk, Mustela won,  is the most sensitive 
vertebrate species tested Exposure to ths concentration in the diet for SIX months 
resulted in reduced reproduction and death (Platonow and Karstad 1973) Rmger et al 
(1972) found that a dietary concentration of 1 mgkg resulted in reproductive 
impairment in mnk fed for four months Birds appear to be more resistant to the effects 
of PCBs Reproductive falure occurs at dietary concentrations of 5 to 10 mg/kg, with 
domestic chckens being the most sensitive species tested (Ton and Peterle 1983, Heinz 
et al 1984, Eisler 1986) PCBs do not appear to affect vegetation species at 
enwronmental concentrations that adversely impact mmals, nor do plants accumulate 
PCBs to the extent that mmals can (Eisler 1986) 

Results of field and laboratory studies indicate that terrestnal invertebrates take up 
PCBs fiom enwronmental media Because terrestnal invertebrates are a main food 
source for many vertebrates, they may also serve as a point of entry for introduction of 
PCBs into the terrestnal food web Soil-invertebrate bioconcentration factors range 
fiom 0 29 to 11 5 for earthworms (Boucher 1993) and 0 1 to 0 2 for cnckets (Pane 
1993) 

Little mformation is available on total PCB body burdens that result in toxlc effects 
(Eisler 1986, Wad 1986) Total body burden is important because even low daily 
ingestion rates may, over time, result in toxlc levels of PCBs in tissues However, toxlc 
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body burdens are difficult to define because congeners are assirmlated, metabolized, and 
elirmnated at different rates (Borlakoglu et al. 1991) 
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3.0 Conceptual Model 

3 1  Potenbally Affected Enwonment 

3 1 1 A- and B-Senes Detention Ponds 

The A- and B-ponds are atuated m the dramages of North Walnut Creek and South 
Walnut Creeks, respccbvely The htstonc o n p s  of both creeks lie wthm the RFP 
resemabon and wthm a few hundred meters west of the unpoundments (Figure 1) 
Both creeks flow west-to-east and converge east of the A-senes ponds to form the mam 
stem of Walnut Creek Histoncally, both creeks produced mtemttent flows fed from 
snowmelt, surface run-oflt: and groundwater seeps Construction of the unpoundments 
fiom 1950 to 1970 resulted m a permanent presence of surface water in the dramage 
The ponds were constructed to capture water and sedunents rn run-off from the 
mdustnal area Currently, release of water fiom ponds A-3, A-4, and B-5 into Walnut 
Creek occurs at irregular intervals and is regulated under a National Pollutant Discharge 
Ehnat ion System (NPDES) pentut As a result, lower sections of Walnut Creek east 
of ponds A 4  and B-5 are fed only by local run-off and limted groundwater seeps and 
are predomnately dry 

{Y'[ = 

The ponds v q  in stze wth the larger and deeper ponds further downgradient (Figure 1, 
Table 1) Although the ponds were constructed to hold certam volumes, the water 
levels may vary wth season, scheduled releases, and mampulation of flow inputs 

3 1 2 Distnbution of PCBs m Pond Sediments 

Dunng the RFI/RI, sediments were collected fiom multiple locations wthn each pond 
and analyzed for several PCB congeners Only Aroclor 1254 and 1260 were detected in 
samples 

Validated results fiom the analyses were obtamed directly fiom EG&G and used to 
calculate the mean total PCB concentration in each pond (Figure 2) PCBs were not 
detected in any samples from ponds A-3, A-4, or B-5, and they were not detected in 
some of the samples fiom other ponds (Table 2) However, samples in whch PCBs 
were not detected were lncluded m the calculation of mean concentrations by assigmng 
concentrations equal to one-half the detection limt Therefore, the mean concentrations 
presented here may overestimate the PCB concentrations in sediments 
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Figure 2 OU6 Phase I RFI/RI Total PCB Concentrations 
in Sediments of A- and B-Series Ponds 
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Table 2 PCB Concentration in Sediments of A- and B-Series Ponds 

Pond 6-1 PCBs (mgkg) 
SED62092 1 1 8  
SED621 92 0 16 
SED62292 0 16 
SED62392 5 68 
SED62492 1035  

Mean 1 64 
St Dev 2 31 

I 
Pond 8-5 PCBs (mgkg) 
SED63592 
SED63692 
SED63792 
SED63892 
SED63992 

0 16 
0 16 
0 16 
0 16 
0 16 

Pond A-1 
SED60092 
SED601 92 
SED60292 
SED60392 
SED60492 

Mean 
St Dev 

PCBs (mg/kg) 
0 67 
0 41 
0 54 
0 41 

0 4  

0 49 
0 12 

SED61 592 
SED61 692 
SED61 792 
SED61 892 0 16 

St Dev 

Pond A-2 PCBs (mg/kg) 
SED60592 0 67 
S E 06069 2 0 16 
SED60792 0 16 
,SED60892 0 16 

- 
Pond A-3 PCBs (mg/kg) 
SED61 092 
SED61 192 
SED61 292 0 16 
SED61 392 0 16 

St Dev 

Pond 8-2 PCBs (mgkg) 
SED62592 3 38 
SED62692 0 48 
SED62792 0 6  
SED62892 6 68 
SED62992 0 16, 

Mean 2 26 
St Dev 2 79 

~ 

Pond 8-3 PCBs (mgkg) 
SED63092 0 76 
SED631 92 0 35 
SED63292 3 32 
SED63392 3 76 
SED63492 0 16. 

Mean 
St Dev 

1 5 5  
1 82 

r 

Pond 8-4 PCBs (mgkg) 
SED63592 0 31 
SED63692 0 16 
SED63792 0 52 
SED63892 0 16 
SED63992 0 27 

Mean 0 284 
St Dev 0 15 

u St Dev 

Duplicates were averaged with real samples, one-half detection limit substltuted for non-detects 

TABLE2 XLS 211 1194 



The PCB concentration in sediments vaned considerably between ponds (Figure 2) 
The hlghest concentrations were in the most upstream ponds in each drainage and 
progressively lower concentrations were downgradient (Figure 2) In general, 
concentrations in sedrments of the B-senes ponds were ten times those in the A-senes 
ponds The South Walnut Creek dramage mcludes most of the industnallzed area of the 
plant and receives discharge from the waste-water treatment plant The distnbution 
suggests that the sedunent retention by the ponds was effective and that the PCB source 
was upgradient of ponds A-1 and B-1 

L. 

3 13 Biota 

Although the ponds are manmade impoundments, they have been colomzed to varying 
extents by a var~ety of aquabc flora and fauna creating new aquatic habitat along the 
dramages The extent of the aquatic commumbes in the ponds vanes greatly The main 
factor lmting aquatic-habitat quality appears to be the fiequency and rate at whch the 
water level in the ponds is marupulated Ponds A-3, A-4, and B-5 may be partially 
dramed and refilled several times each year In general, these ponds do not support 
productive littoral zones at thew margns and the benthc macroinvertebrate community 
is charactenzed by low species nchness relative to other ponds in the drainage PCB 
concentrations in sediments were below detection limts in each of these ponds In 
contrast, ponds A-I, A-2, and B-1 have extensive aquatic vegetation at their margins 
and nch benthc commumties (Table 3) These ponds are shallow wth most of the 
water column in the photic zone Sediments of these ponds contamed the highest PCB 
concentrations in the respective dramages 

Dunng RFVRI field mvestigations, each of the A- and B-senes ponds were sampled to 
detemne the presence or absence of fish Fathead mnnows (Pimphales promelas) 
were observed m ponds A-4, B-4, and B-5 Largemouth bass (Micropterus 
suZmonoides) were observed only ih Pond A-2 Although there have been other fish 
species identified in ponds in the Woman Creek dramage, these were the only species 
identified in the A- and B-senes ponds 

Amphbians observed m the Walnut Creek dramage include northern chorus frogs 
(Pseu&cris triseriata), leopard frogs (Rum pipiens), Woodhouse's toad (Bufo 
woocUlousrr), and tiger salamanders (Ambystomu tigrinurn) Reptiles found include 
western panted turtles (Chrysemyspicta) 
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The aquatic habitats also attract waterfowl such as mallards (Anas platyrhynchos), 
gadwalls (Anus strepru), pied-billed grebes (Podriymbus pdrceps), and green-wnged 
teal (Anas crecca), wadmg birds such as black-crowned mght herons (Nyctrcorax 
nyctrcormc), great blue heron (Ardea herodim), and double-crested cormorants 
(Phalacrucorme aurrtus), shore birds such as spotted sandpipers (Actrtrs macularra) and 
kdldeer (Char&rus wcrjems), and other species, wiuch feed on the aquatic plants, 
mvertebrates, and fish Raccoon (Prayon Zotor) scat is fiequently observed on np-rap 
of the dams suggestmg that th~s species also uses the ponds to some extent Mule deer 
(OdocorZeus hemionus) are common at RFP and use Walnut Creek drainage 

Local food webs and trophc relationshps that may affect movement of contarmnants in 
biologcal pathways are discussed in the next section 

3 2  Potential Exposure Pathways 

As noted prewously, PCBs are hghly hydrophobic and tend to partition into biota or 
onto particulate matter such as soils and sediments Although a small proportion of 
PCBs are dissolved in water, the pnmary mechamsm of transfer to biota is through 
direct contact wth contammated sediment or food (Thomann 198 1) Plants and atumals 
liwng in or on the sedunents have the hghest exposure to PCBs in abiotic media 
Aquatic biota exposed to PCBs in sediments may also prowde potential pathways for 
transfer of PCBs fiom the aquatic habitats to terrestnal biota through food-web 
interactions 

Bioaccumulation of PCBs through food-web interactions is the main source of exposure 
to upper-level consumers in the local food web and has been the most important 
exposure pathway m estabhsiung nsk cntena for PCB-contammated sediments (EPA 
1988% Maughan 1993) The main factor contnbuting to total bioaccumulation in a 
gwen food chain is bioconcentration of PCBs by aquatic orgamsms Fish and other 
aquatic orgamsms are continuously exposed to contammants dissolved and adsorbed to 
particles in the surface water they occupy Carruvorous fish may also be exposed to 
PCBs through the food web Bioconcentration factors of IO3 to lo5 are common 
among studies measunng uptake of PCBs fiom aquatic enwronments (Eider 1986) 
Exposed aquatic orgamsms may then result in a concentrated source of PCBs to hgher- 
level aquatic and terrestnal consumers The extent of biomagtufication of PCBs IS 

directly proportional to the number of trophc levels in the food chain through whch 
they are transferred (Rasmussen et a1 1990) The more complex the local food web the 
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greater the biomagnrfication that can be expected in the upper-level consumers 
Therefore, it is lmportant to consider the length of potential food chains in each pond 
and whch of the possible pathways are complete 

A generald conceptual model for transfer of sediment contarmnants in the RFP food 
web is shown 111 Figure 3 DdXerences in habitat quahty and species composition may 
influence the presence andor unportance of the pathways for a gwen pond For 
example, the potential for exposure of piscivorous predators to PCBs is greatly reduced 
111 ponds that do not support fish Other physical and biologcal charactenstics of the 
ponds that may affect habitat use are shown m Table 1 

To some degree, species at the base of the food web, such as plankton, penphyton, and 
benthc macroinvertebrates, are present in all the ponds The pnmary aquatic prey 
species in the ponds are benthc invertebrates, including amphpods, oligochaetes, 
mollusks, crustaceans, and adult and larval insects (Table 3) Crayfish are large aquatic 
invertebrates that consume a wde vanety of food items and are bottom dwelling, often 
burrowng into sediment They are an important prey species of predaceous fish as well 
as mammals and birds that feed in aquatic habitats ponds A-4, B-4, and B-5 contain 
omvorous fish (pnmdy fathead mmnows), but only Pond A-2 was found to contain 
predatory fish (largemouth bass) The more productive ponds support much ncher 
benthc commuruties and probably more complex food webs 

The top consumers in the aquatic-based food web are birds that feed on aquatic plants, 
invertebrates, and/or fish Waterfowl such as mallards and gadwalls frequent the 
Walnut Creek dramage dunng spnng, summer, and fall Some mallards remain dunng 
wnter because Pond B-3 recaves outflow fiom the waste water treatment plant and as 

a result remams ice free for much of the wnter "Dabbling" ducks such as mallards and 
gadwalls feed by sieving plant and arumal matenal fiom sediments and therefore may 
ingest PCB-contammated sediment wth the food matenal The diets of both of these 
species include vegetation predormnantly (80 to 98 percent) (Martin et a1 1951) 

Mallards also spend substantial amounts of time feeding on terrestnal plant species, such 
as grams, where they would not be exposed to PCBs in contammated sediments 

Wadmg birds such as herons and connorants are pnmanly cmvorous and feed on 
small fish, amphbians, and large invertebrates such as crayfish Black-crowned night 

herons, blue heron, and connorants have been observed in the vlcimty of the ponds 
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The spotted sandpiper and lulldeer-common shore brds-have been observed feeding 
on the shores of  some o f  the ponds in the Walnut Creek drarnage These species feed 
pnmanly on aquatic mvertebrates such as dimg beetles, aquatic insect larvae, and 
snarls 

Penodic emergence o f  aenal adult insects fiom aquatic larvae attracts insectivorous 
birds such as swallows to the ponds The larvae of insects such as caddisflies, mafles, 
and rmdges h e  in or on aquatx substrates and may bioconcentrate contarmnants fiom 
sedunents The accumulated contarmnants can remam in the msect's body as the larvae 
metamorphose mto adults and leave the aquatic system Synch;onous emergence of 
adults can result in the htgh density of msects m the au around the ponds at certain 
times of the year Insctworous birds such as swallows are attracted to the ponds at 
these times and may consume large numbers of these msects, and consequently may be 
indirectly exposed to sedunent contarmnants 

Of the non-awan wldhfe species, raccoons probably use the ponds most intensively for 
feedmg Raccoons are opportumstic feeders and take mostly insects, crustaceans, and 
other invertebrates fiom aquatic habitats Wildlife, such as deer, coyote, and small 
mammals, use most of the ponds to some extent as a water source However, feeding is 
probably focused on those ponds wth more substantial food resources 

3 3  Assessment Endpoints 

Assessment endpoints are formal expressions of the ecologxal resources to be 
protected Charactenstics of  assessment endpoints should include relative importance in 

the local biologcal system and societal recogmtion as important ecologcal resources 
(Suter 1990, 1993) Identification of assessment endpoints is necessary to focus the 
resources of an investigabon on a few valued parameters and avoid analysis of 
unnecessanly diffise and unrelated factors in the enwronment Because the nature and 
extent of contammation was so poorly known pnor to field work, imttal collection of 
ecologd data at OU6 focused on assessment endpoints, such as commuruty 
composition and structure, that are general indicators of envtronmental stress 
Identification of specific chemcal stressors such as PCBs allows analysis associated 
wth the exposure assessment and nsk charactenzation to focus on assessment 
endpoints relevant to the potential ecotoxlcity of the contarmnants of concern (COCs) 

I 
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The assessment endpornt for ths portion of the OU6 EE was based on the key receptors 
identrtied in the prewous section Spec:es were selected on the basis of aquatic and 
terresmal commumties and on potential exposure pathways They mcluded upper-level 
consumer species of waterfowl, shore buds, wadrng buds, and the raccoon (Table 4) 
These groups represent merent ecolog~cal mches wth respect to feedmg mechmsms 
and food sources, but all requue wetland habitats such as sloughs, marshes and open 
water and concentrate feedrng and other activtties m these habitats Such habitats tend 
to be sinks for deposition of enwonmental contammints Therefore, wetland species 
may have a concentrated exposure to otherwrse wdespread contarmnants Wetland 
specles are also sensitive to contammation andor destruction of these habitats that may 
result from contarmnation Waterfowl are also unportant societal indicators of wetland 
ecosystem hnction and rntegnty 

The assessment endpoint is to deternune whether conditions related to PCB 
contmnation could adversely affect local watedowl populations Because there are 
many physical, chemcal, and biolopcal factors that may affect population dynamcs, 
measurement of population-level effects conclusively attnbutable to PCBs would be 
dficult, if not impossible Therefore, the intent of thrs study to detemne whether PCB 
concentrations in sediments could lead to direct toxlc effects on the receptors or mdirect 
effects through impacts to their food supply (Figure 4) Direct toxlc exposures could 
adversely affect matmg, fertility, hatchng success, or mortality rates and, therefore, 
potentially sect local populations Indirect effects could result fiom toxlc exposure to 
aquatic plants and arumals whch compnse the food source for the upper-level 
consumers 

Direct effects wrll be assessed by estimatrng exposures to detemne whether toxlc 
effects could occur as a result of ingestion of  food from the A- and B-senes ponds 

Estimated exposures wll be compared to levels that would be expected to cause 
decreased reproductwe success or increased mortality Mathematical relationshps 
between ingestion rate, body mass, elimnation rate, frequency and duration of 
exposure, and PCB concentration in food wdl be used to estimate the rate of 
accumulation in tissues and body burdens Related equations w111 be used to estimate 
sediment PCB concentrations that would not be expected to cause toxlc effects to 
species using the Walnut Creek dramage 
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Exposures wdl be assessed usmg PCB concentrations in aquatic plants, invertebrates, 
and fish collected fiom the ponds Many species cover large areas dunng mgrations 
and local movements and may be exposed to PCBs from sources outside Rocky Flats 
Therdore, tissue PCB concentrations could not be conclusively attnbutable to sources 
m the A- and B-senes ponds 

Indlrect effects to be evaluated include tomcity of sedlment and or water 111 the A- and 
B-senes ponds to the mam food species of mallards and gadwalls Reduction m local 
food supplres may reduce the capacity of the Walnut Creek Dramage to support 
mgratory waterfowl, thus reducmg local populatron through ermgration or reduced 
reprodudon rates Potenbal tomcity to aquatrc anunal species wll be evaluated using 
results of  standard EPA sediment- and water-toxmty tests Potential tomcity to plant 
species wd1 be evaluated using data fiom EPA's Ambient Water Quality Cntena and 
other scientific literature 

3 4  Measurement Endpoints 

Measurement endpoints used in the evaluabon of the assessment endpoint include 

Concentration of PCBs m sediments to whch aquatic biota may be exposed, 

Concentration of PCBs in tissues of important aquatic forage and prey items, 

Benthc macroinvertebrate commumty composition, 

Toxlcity of sedunents to standard aquatic test orgmsms, 

Toxlcity of  surface water to standard aquatic test orgmsms, 

Concentration of PCBs in mallard eggs collected from nests in Walnut Creek 
Dramage (If avadable), and 

Estmated exposure of key species to PCBs through mgestion of forage and prey 
from the A- and B-senes ponds (estimated through simple models) 
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4.0 Preliminary Assessment Of Ecotoxicological Risk 

A prehnary assessment of nsks associated wth the PCB concentrations detected in 

the detention ponds was conducted to identlfy areas of potentially simcant nsk that 
should be mvewgated fbrther and data that are needed to adequately evaluate nsks 
Potential ecotomcity was evaluated from three aspects (1) EPA sedunent quality 

cntena (SQC) (EPA 1988b), (2) results of Standard EPA sedunent and water toxtcity 
tests, and (3) the potenbal for bioaccumulabon m mallard ducks 

4 1  Sedunent Quallty Cntena 

As noted, the mean PCB concenmon m some of the ponds exceeded the EPA SQC 
calculated for the site The SQC is calculated umg orgatllc carbon content of the 
sedunent EPA gutdance allows 19 5 ug PCB/g total o r p c  carbon @PA 1988b) An 
SQC was calculated for each pond using site-specrfic data on orgmc carbon content 
and the mean PCB concentration (Table 1) Of ponds m whch PCBs were detected, 
only sedments of Pond A-2 contamed PCB concentrations below the SQC It is 
important to note that the SQCs calculated for ponds A-3, A-4, and B-5 were below the 
analyt~cal detectron hut  for PCBq 0 150 mg/kg (Table 1) No PCBs were detected in 

sediments fiom these ponds (Table 2) Therefore, it IS not possible to detemne 
Sclentdlcally whether h s  sedtment exceeds the SQC on the basis of ths data 

The EPA SQC of 195 ug PCB/g total orgmc carbon was based on the use of 
equhbnum partitiontng coefficients to estunate the concentration of PCBs in bulk 
h e n t  that would result m a PCB concentration m the mterstibal water equal to the 
ambient water-quality cntenon, 0 014 ugA (EPA 1988b) The ambient water-quality 
cntenon was denved to prevent bioaccumulation in aquatic food chams that mght 
threaten upper-level consumers, including terrestnal species feeding in aquatic 
enwonments 

The SQC is not intended to be a standard, action level, or remediation goal Rather, it 
is to be used as an indicator of potentially sigruficant nsks The intenm cntenon was set 
assumng that an orgmsm spends all of its time in the area of contammation Whde ttus 
may be true for some aquatic species, the home range of most upper-level consumers 
often exceeds the area of contartunation Therefore, thts assumption may overestimate 
exposure and, therefore, underestunate the level of PCBs in sediments that mght result 
in an acceptable exposure Further evaluation is needed to detemne the nsk of PCB 
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J tomcity to upper-level consumers that use the entlre Walnut Creek dramage Exposure 
assessments wdl be conducted for each receptor and wtll include consideration of spattal 
and temporal components, such as seasonal use 

4 2  Sedunent and Water Toxlclty Tests 

Standard EPA sediment- and water-toacity tests have been performed on samples fiom 
each of the A- and B-senes ponds Dunng the OU6 mvestigation, sedunent tests were 
conducted for each of the ponds Water tests were conducted for all ponds except A-4, 
whch was not tested because routme tests conducted for a NPDES perrmt rndicated a 
hsstory of no towcity It should be noted that mdrcation of signtficant toxlctty was not 
always followed by a Toxtcity Identltication Evaluation (TIE) to d e t e m e  the source 
of tomcity Therefore, sipficant toxtcity mdicated 111 these tests does not necessanly 
mean that PCBs are the toxlc agent On the other hand, a lack of toxtcity suggests little 
probability of ecologd nsk to aquatic species 

3 F J t l  :JL' . 

In sedunent tests, only Pond B-2 showed sigxuficant tomctty to HyuZZeZa uzteca, a 
standard EPA test organism (Table 1) However, H arteca occurs naturally 111 Pond B- 
2 and was the second most abundant taxon in benthc samples taken fiom ths pond in 
1991 The cause of the discrepancy between results of the laboratory test and field 
conditions is not clear Possible causes include acclxmation of the natwe orgarusms to 
ambient conditions or a change in conditions in Pond B-2 between 1991 (when the 
benthc samples were collected) and 1993 when sediments were collected for toxtcity 
testing Stdl another explanation is  that orgmsms collected fiom the pond may have 
been able to avoid contact wth sediments by using submergent and emergent vegetation 
for attachment sites and food sources Orgmsms used in sedunent tests are in constant 
contact wth the sediment 

Regardless of the source of the apparent discrepancy, PCBs do not appear to be the 
toxtc agent in Pond B-2 sedunents Sediments in Pond B-1 contamed sigtllficantly 

aztecu (Table 1) Therefore, sediment tomcity does not appear to be correlated with 
hgher PCB concentrations than other ponds but were not toxlc to laboratory-reared H 

PCB concentrations 

Water fiom ponds B-3, B-4, and B-5 were sigtllficantly toxtc to Ceriodaphnia sp and 
Pzmphales promelus However, hstoncal data and TIES performed for ponds B-3 and 
B-5 suggest that hgh urnomzed-ammorua concentrations fiom the sewage treatment J 
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has not been toxrc to either test species 

4 3  Potential Bioaccumulation of PCBs in Mallard Ducks 

PCBs enter the food cham through a vanety of mechmsms Mallard ducks are 
considered ‘dabblmg ducks,” consumng vegetation, insects, mollusks, and small fish by 
floating m shallow water and pivotmg headfirst to reach food items (Robbms et al 
1983, Ehrhch et al 1988) In the course of feedmg on submerged 8N111111s or plants near 
or on substrate, they have a strong tendency to midentally mgest substrate (such as 
mud and sand) Thrs madental ingestion of substrate makes mallards excellent 
candidates for PCB bioaccumulation and biomapfication 

A “Screemng-leveln assessment of the potential for bioaccumulation of PCBs rn mallard 
ducks was conducted using the equation 

Eq 4-1 Tissue Concentration = C f * F R *  SU** * ( l - e q  
m * kc 

where 

Cf= concentration in food (mg/kg) 

FIR = mgestion rate (kg/day) 

SU = site use factor (umtless) 

a = assimlation efficiency (umtless) 

m = total orgmsm mass (kg) 

ke = ehmmation rate (per day) 

t = time (days) 

Ths assessment is considered screerung level because conservative assumptions were 
made to mmmze the chance of underestimating exposure and accumulation of PCBs in 

tissues For example, it is assumed that ducks ingest food from the site at a constant 
rate (FIR = 0 104 kg/day) for one year (t = 365 days) (Fordham and Reagan 1991) 

Ths may overestunate consumption &om the site If the bud mgrates away fiom RFP 
for the wnter months In addition, it IS assumed that ducks obtam approxrmately one 
quarter of  their food fiom a gven pond, therefore, the site use factor (SU) is 0 25 Ths 
may also overestimate exposure because mallards are a mobile species whose home 
feeding ranges may vary over areas much larger than an indiwdual pond The 



elmation rate (kJ was calculated fiom biologd half-hfe estimates for PCBs 
(Goldstan et al 1974) The value used, 0 0078 per day, was calculated fiom a half-life 
of 89 days for clearance of PCBs m Japanese quad (Hamdy and Gooch 1986) The 
value for Japanese quad was used because it is the longest whole-body, half-life estimate 
avdable for terrestnal vertebrates Other avdable biologcal half-hfe estunates were 
detemmed for specific tissues, mtead of whole body, and tended to be much shorter, 
and therefore less conservative An assirmlation efficiency (a) was used that assumed 
the mallards wdl assda te  90 percent of the mgested PCB concenmon m food Body 
waght (m) of the ducks is assumed to be 2 kg .. 
The statrstical distnbution of PCB concentrations in the sedunents of each pond was 
assumed to be lognormal Ths site-specific information on sediment concentration was 
used to esbmate the concentrabons in the aquabc food items of the duck The 
concentrabon m food was estunated using the equilibnum partitiomng (EqP) approach 
whch focuses on predictmg the chermcal interaction among sediments, mterstitial water 
(that is, the water between sediment particles), and contarmnants @PA 1992) For ths 
approach, the pore-water concentration (C,J was calculated using the equation 

sediment concentration Eq 4-2 C,= 
koc * foc 

where 

koc = water partitiomng coefficient 

fOc = fiaction of orgmc carbon 

Concentration m food (Ca is then denved using the equation 

Eq 4-3 Cf=BCF * C, 

where 

Cw = pore-water concentration 

BCF = btoconcentration factor 

A BCF of 24,000 was used to estimate the bioconcentration of PCBs interstitial water 
to aquatic orgmsms (Eider 1986) The concentration of water-borne PCBs is expected 
to be hghest in interstitial water Therefore, the use of interstitial water PCB 
concentration may overestimate bioconcentration of PCBs in orgaxusms that live in the 
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water column Monte-Carlo sunulation methods were used in conjunction wth 
Equation 4-1 to estunate the probabdity that a gwen duck wI1 exceed a cntical body 
burden (CBB) of 1 5 mgkg body weight after 365 days of conttnuous exposure A 
Latm hypercube form of Monte-Carlo simulation was used and the equation re- 
calculated 100 times (Bartell et aL 1992) 

The resultmg estunates for mean twwe concentrations exceeded the CBB of 1 5 mgkg 
body weight for f-g tn all ponds The probability of exceedrng the CBB ranged 
fiom 95 percent tn Pond A-2 to 100 percent m ponds A-1, B-1, B-2, and B-3 (Table 5) 
Ponds A-3, A-4, and B-5 were not mcluded m the sunulation because PCBs were not 
detected tn the sedment of these ponds 

These results suggest that ducks feedmg pnmanly in the area of the A- and B-senes 
ponds have a hgh probabihty o f  accumulating toxrc levels of PCBs However, the 
conservative assumptions made here probably overestimate the site use and amount of 
food resources that a mallard obtans fiom a gven pond The largest source of 
uncertamty in ths assessment is the PCB concentration in food items The 
bioavulabihty of PCBs from pond sediments can vary wth aging, rate of sediment 
deposition, and the type of benthc biota present Data on PCB content of prey and 
forage items wll be collected to detemune PCB uptake wth greater accuracy 
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5 0  Field Implementation Plan 

5 1  Data Uses and Needs 

Data Quahty Objectwes (DQOs) are quahtative and quantitative statement$ requlred by 
the RFI/RI @PA 1987) The DQOs are based on the types of decisions to be made 
wth the data collected and the types and quantity of  data needed to support those 
decrsions The DQO process has three basic components (DOE 1992b) (1) 
identdlcabon of decrsion types, (2) identlfication of  data usedneeds, and (3) design of 
data-collection program . 
Results of  the OU6 EE wdl be used to deade whether contammation of  abiotic media 
has resulted m unacceptable nsks to the enwonment and what, i f  any, remediation is 
needed to reduce nsks to acceptable levels For the contamnated sediments, nsks wll 
be evaluated wth respect to estlmated exposures to the upper-level consumers 
identified rn Section 4 0 Remediation decisions include consideration of ecological 
nsks, but wll also be based on risk to human health, feasibility of using remediation 
technologes, the extent to whrch nsks wll be reduced through remediation, and the 
potential for remediation actiwties to damage natural resources Decisions regarding 
the method and extent of remediation wdl be made on a pond-by-pond basis Therefore, 
the EE wll assess the contnbution of mdivldual ponds to overall nsks in the dramage 

The data on PCB contamnation of sedunents and biota w11 be used to assess exposure 
to upper-level consumers The screentng-level assessment indicates that concentrations 
111 sxhments could represent an ecologcal nsk Upper-level consumers in the aquatic- 
based food web were identdied as key receptors and assessment endpoints were based 
on the potential for impacts to local populations Because the identified species are 
exposed pnmanIy through food-web mteractions, estimation of  exposure will focus on 
transfer of PCBs fiom sedunents to p n m q  prey and forage species in the aquatic 
habitats 

Simple models wll be used to estimate the exposure and bioaccumulation (Goldstein et 
al 1974, Thomann 1981, Fordham and Reagan 1991) The models use mathematical 
relationshrps between ingestion rate, body mass, elimnation rate, fiequency and 
duration of exposure, and PCB concentration in food to estimate the extent and rate of 
accumulation Data on dady food ingestion, prey types, body mass, elimmation rates, 
and chemcal charactenstics of PCBs are avulable fiom the scientific literature 



1 
I 
I 
I 
I 
I 

‘ Y  

Therefore, current data needs mclude PCB concentrations in tissue of common food 
s p e s  and sedunents If suffiaent samples cannot be collected, equivalent 
mathemahcal models wdl be used to estimate PCB concentrations in aquatic plants and 
anunals The uncertamty accompanymg use of such assumptions wll be discussed 

5 2  Samphg Collectton and Handhg 

5 2 1 General Approach 

The pnmary objectwe of the field sample collection and analysis is to obtain data on 
PCB concentrabons m biota representatwe of the pnmary forage and prey species 
present m the ponds of the Walnut Creek drmage and to more adequately charactenze 
PCB concentration UI sedunents avalable to biota These data wll then be used to 
estunate exposure to upper-level consumers A secondary endpoint wll be benthc 
commumty and macrophyte composition Sampling actiwties discussed below are 
outlined in Table 6 

Sedunents w11 be collected fiom each pond Sampling for aquatic invertebrates and 
aquatic plants wll be conducted m the ponds in whch PCBs were detected in sediments 
(ponds A-I, A-2, B-I, B-2, B-3, B-4) (Table 5) Samphg for fish w11 be conducted in 

ponds A-2, B-4, ponds where PCBs were detected, and where fish are known to be 
present In addition, fish sampling wll be conducted in Pond B-5 because fish may 
move fiom Pond B-4 to Pond B-5 through the outlet in Pond B-4 

To quanti@ vanability m PCB concentration, multiple samples wll be collected from - 
each pond The mtial objective is to collect three 100-gram samples of each type from 
each of the identified ponds However, smaller samples may be collected if availability 
limts the number of samples that can be taken from a gwen pond and laboratory PCB- 
detection limts or total lipid content measurements would not be unacceptably affected 

EMAD OPS FO 13 specdies that PCB samples to be extracted wthn seven days to 
extraction and analyzed wthm 40 days after extraction (DOE 1992c) Also, sample 
preservation requires coohg to 4 O  C for handling and storage in amber glass contamers 
Water-quality parameters are also generally requued to be taken wth tissue samples, 
and wll be performed m srhc as required Disposable latex gloves WIH be used when 
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5 2 2  

handhng specimens collected for tissue analysis Gloves w11 be changed between sites 

Sediment Samphg 

The mtial goal of the OU6 RFI/RI sediment sampling was to collect sediment cores 
fiom depth rntexvals of  zero to two feet and two to four feet (DOE 1992a) Each two- 
foot w o n  was them analyzed for PCB content The actual core depths and lengths 
vaned considerably as corer penetratton was often refused at shallower depths than the 
prescnbed rntwals (Holsteen 1994) 

Data resulting from the prewous samplmg is not adequate for evaluating potential 
exposure of aquahc orgmsms for at least three reasons 

0 Aquatic orgmsms do not typically contact sediments deeper than about six inches 
Therefore, composite samples includmg sedunents from depths up to two feet do 
not accurately represent the exposure pomt for aquatic orgmsms 

0 Vanable core depths affect the measured PCB concentrabons and the variability 
among samples PCB deposits may be locahzed to discrete depth in the sediment 
lithology Inclusion of variable amounts of non-contammated sedunents in samples 
would greatly affect the measured concentrahon of PCBs in the samples 

0 IfPCBs are restncted to discrete layers, it is unportant to know If aquatic orgmsms 
are exposed to those layers For purposes of ths investigation, only those sedunents 
wthm the upper SIX rnches of sedment will be sampled and analyzed In addition, 
efforts w11 be made to m m e  vanabllity among sediment core depth 

Sedunents wll be collected according to procedures in EMAD OPS SW 17 (DOE 
1993) Grawty-conng dewces wdl be used to sample the upper SIX inches of sediment 
as designated sample sites A mnunum of four or five samples wdl be taken per pond at 
the same general locations used m the prewous sampling plan Additional samples may 
be taken as deemtd necessary for exposure charactemation In particular, the larger 
and deeper ponds may require additional samplmg to charactenze the nature and extent 
of  contammation fully Direct companson of results mth prevtous work wll assist in 

determmng depth and bioavadabhty of PCBs Approxunate sample locations mll be 
one each at the inlet, outlet, and center of the pond, wth the remamng samples halftvay 
between the inlet and dam on opposite shores The samples w11 be placed in clean glass 
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jars and kept on ice for shpment to the laboratory Sedunents w1 be analyzed for PCB 
concentration and total orgmc-carbon content 

Biota Samphng 

J Aquatic Invertebrates 

Avdabhty of  biomass 1s the primary hnitmg factor for selecting invertebrate species to 
mclude m samphg Laboratones typicidly requm a mumum of 30 grams (dry waght) 
for PCB analysis of  biologcal samples The most abundant invertebrate taxa mclude 
larval nudges (Chmnomdae Insecta) and ohgochaetes However, indivldual 
orgmsms typically we@ less than 50 mg and, therefore, several thousand would be 
requved for a smgle sample Other species such as caddisfly and mayfly larvae are 
shghtly larger (I00 mg to 1 g) Because mulbpIe samples are required to charactenze 
PCB concentrations adequately m the biota o f  a gwen pond, sample collection by 
specles is not cost effective Samphg for PCB tissue data w11 be separate fiom 
samphg for taxa identdicabon and enumemon, and require separate laboratory 
analyses Therefore, benthc invertebrate samples wll consist of an aggregate of 
species Samples w11 be collected usng dredge samplmg procedures accordrng to 
EMAD OPS EE02 (DOE 1991) Samples d be thoroughly msed, hand picked, 
contamenzed m the field m clean glass jars, and placed on ice until frozen Crayfish wll 
be collected using mnnow traps (EMAD OPS EE 04) and analyzed separately fiom 
other benthc macroinvertebrates @OE 1991) All tissue samples w11 be fiozen wthn 
stx hours 

1 

The benthlc commumty wll also be sampled to charactenze the benthc commumbes 
and aquatic food webs better Quantitative samples vnll be collected using the dredge 
techques descnbed m EMAD OPS EE 02 (DOE 199 1) Five samples wll be collected 
per pond for both the pelag~c and littoral zones, If adequate habitat is avalable in each 
pond Benthc macrornvertebrates collected wll be enumerated and taxon identified to 
h l y  level Appropnate biolog~cally relevant sampling locations wll be selected m the 
field 

Fish 

As noted, fish were observed m ponds A-2, B-4, and B-5 and may be present rn Pond 
A 4  Prewous samphng indicates that biomass avalabhty is not limting in most ponds 
supporting fish populations Exlstmg data mdicate that fathead IIUMOWS are the most 
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abundant speaes m the ponds and therefore the most lkely prey species Each o f  the 
designated ponds d be sampled usmg m o w  traps and three 100-gram samples wll 
be collected All samphg d be conducted according to EMAD OPS EE 04 (DOE 
1991) Minnows sampled may be placed m ambient water wthout food for 24 hours to 
clear the gastrointestmal tract pnor to fieepng Samples wdl be contamenzed m the 
field using clean glass j a f ~  and wll be fiozen wthm SUI. hours of collection Composite 
whole body samples wdl be analyzed for PCBs 

Pond A-2 wdl also be sampled wmg gdl nets m an attempt to collect largemouth bass 
Bass are a predatory specles that, dependmg on sue and age, feed on mvertebrates and 
small fish Bass wdl be collected m addibon to fathead mnnows because the they 
represent an added trophc level m the local food web Indimdual bass may be larger 
than 100 grams and therefore samples may be compnsed of a single fish Three samples 
wdl be collected, If avalable Samples wt11 be contnnenzed in the field using clean 
hexane-washed dumnum foil and placed in a Zip-LockTM bag and samples fiozen wthm 
12 hours of collection Whole body samples d l  be analyzed for PCBs 

5 2 3 3 Aquatic Plants 

Aquatic plants wdl be collected from littoral areas of ponds where PCBs were detected 
m sediments Samples wdl be collected usmg dredge samplers and followtng EMAD 
OPS EE 10 as applicable (DOE 1991) Three 100-gram samples wll be composited 
from multiple specles Samples wtll be contnned m clean glass JMS, placed on ice, and 
fiozen for shpment At least five samples per pond wll be collected, depending on 
ava~lability Samphng locabons wll be selected in the field based on biolog~cal 
relevance and sample avadability 

5 2 3 4 Mallard Eggs 

PCB content of waterfowl eggs are a sensitwe inhcator of PCB exposure to adult buds 
Mallard home ranges are generally sign~ficantly larger than one pond, although some 
ducks remam in residence year round, and nests have been observed near some ponds 
Sampling eggs fbr PCBs wll requue appropnate federal and state pemts under the 
Migratory Blrd Treaty Act and/or the Fish and Wildhfe Coordination Act Sample 
avadability may also be a hmtlng factor Egg collection wdl requlre follomg the adult 
ducks until the location of a nest can be detemned and eggs removed The analytical 
laboratory wdl be contacted to detemne appropnate egg-preservation protocol 
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5235 AenalInsects 

I I Adult aenal lllsecfs emergmg larvae m ponds m OW6 are also a potential exposure 
pathway fkom sedunents to buds The dficulty m determtnurg tmng of an emergence 
event may hut the adabhty of samples Samples WIU be collected in sweep nets 
according to EMAD OPS EE 09 (DOE 1991) A modlfied emergent trap employmg a 
catch bag may also be used for aenal msect tissue collection pendmg approval of the 
samplmg method Current protocol requues collectmg emergent aenal mects for taxon 
identdkation and enumeration in a strcky resin whch may mterfere wth analysis of 
PCBs for ttssue Samples wdl be collected as avdable at relevant samphg locations 
and stored on ice for shipment to the appropnate laboratory Samphng for PCB tissue 
data wdl be separate &om samplmg for taxa identlfication and enumeration, and require 
separate laboratory analyses 

5 3  Analysis 

Biological samples wdl be analyzed for PCB congeners according to EPA Method 8080 
and total hpid content accordmg to EPA method Contract Laboratory Protocols The 
method for analysis of PCBs has a detaon hmt of 0 16 m a g  for Aroclor 1254 and 
1260 m sods The detection hmt wrll be hgher for biologd samples U S Fish and 
Wildwe recommends that the diet of birds not contam a total PCB concentration greater 
than 3 0 mgkg (Eisler 1986) The recammended hetary concentration for mammals is 
lower, 0 1 to 0 64 mgkg, and is based on sublethal effects to rmnk (Eisler 1986) The 
detection hmt of the analytical method IS adequate for assessment of PCB mgestion m 
birds, but may be too hgh for mammals The analytical laboratory wdl be consulted to 
deteme whether lower detection limts can be obtmed 
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Attachment 1 
Sediment PCB Data 



Jag.  NO 1 00 6 SPDIX!nJT PCBa 01/07/94 

LCaTION SA)IpLK”BKR QIKXICIU. RXSULT OWITS QUALIFIKR LIXIT VALIDATION 

P C W  A2 I 

SD6 OCOOWC 

SD6 0 0 OlWC 

SD6 0 0 02 WC 

SD6 0 0 03WC 
SD60 120WC 
SD60003WC 
SD6012OWC 
SD6 0003 WC 
SD6 0 12 OWC 
SD6 0 0 0 3 WC 

SDbOl2OWC 
SD60003WC 
SD6012OWC 
SD6 0 0 0 3 WC 
SD6 0 12 OWC 
SD6 0 0 03 WC 

SD6 0120WC 
SD6 0 004wC 

AROCLOR-1016 
AROCLOR-1221 
AROCLOR- 123 2 
AROCLOR-1242 
AROCMR- 1248 
F ROCMR- 12 54 

AROCMR-1260 
AROCLOR- 10 16 
AROCLOR- 1221 
ARKLOR-1232 
AROCMR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1760 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR- 1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 
AROCLOR- 10 16 
AROCLOR-1016 
AROCLOR-1221 
ARKLOR- 122 1 
AROCMR- 1232 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR- 1242 
AROCMR- 1248 
AROCLOR- 1248 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1260 
AROCLOR-1260 
AROCLOR-1016 
AROCLOR-1221 
AROCMR-1232 
AROCLOR- 1242 
AROCLOR- 1248 
AROCLOR-1254 
AROCLOR-1260 

40 000 
40 000 
4 0  000 

40 000 

4 0  000 
590 on0 

8J 000 
40 000 
4 0  000 
4 0  GOO 
40 000 
40 000 

330 000 
80 000 
4 0  000 

40 000 
4 0  000 

4 0  000 
40 000 

460  000 

80 000 
4 0  000 
40 000 

40 000 

40 000 

40 000 
4 0  000 
40 000 
40 000 
40 000 

4 0  000 

350 000 
310 000 

80 000 

80 000 
40 000 

40 000 

40 000 
40 000 
40 000 
320 000 

80 000 

UG/KG 

UG/KG 

UG/ KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

JGf KG 

lSG/KG 

UG/KG 

UG/KG 

UG/KC 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UC/KG 

v C / K C  

UG/KG 

m;/KG 

UG/KG 

W / K G  

UG/KG 

W / K G  

UG/ KG 

W / K G  

UG/KG 

W / K G  

W / K G  

UG/KG 

U W K G  

UC/KG 

W / K G  

UG/KG 

OC/KG 
UG/KG 

UG/KG 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
U 
u 
u 
u 

u 

8 0  000 

80 000 

80 000 
80 000 
80 000 

150 000 

160 000 

80 000 
80 000 
uo 000 
80 000 
80 000 

160 000 
160 000 
80 000 

80 000 
80 000 
80 000 
80 000 
A60 000 

160 000 
80 000 
80 000 

80 000 
80 000 
80 000 
80 000 
80 000 
BO 000 
80 000 
80 000 
160 000 
160 000 

160 000 
160 000 

80  000 

8 0  000 

80  000 

80 000 
80 000 

- 6 0  000 

-60 000 

V 

V 

V 

V 

V 

V 

V 

V 

V 
V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

SD6OOOSWC AROCLOR - 1016 
AROCLOR-1221 
AROCUIR-1232 
AROCLOR-1242 
AROCtOR-1248 
AROCMR- 1254 
AROCtOR- 1260 

SDSOOOSWC AROCLOR-1016 
I 

4 0  000 UG/KC 

40 000 UG/KG 

40 000 W / K G  

40 000 UG/KG 

40 000 UG/KG 

590 000 UG/KG 

80 000 UG/KG 

4 0  000 W / K G  

u 
u 

80 000 

80 000 
80 000 

80 000 
80 000 
160 000 

160 000 
80 000 


